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Abstract 
Doxorubicin is one of the highly effective anti-neoplastic drugs of the anthracyclines family used to treat many pediatric and adult cancers, 
However the clinical used of doxorubicin is limited due to severe cardiotoxicity side effect. Metformin reducing basal and postprandial 
glucose levels. The Metformin antihyperglycemic effect seems to reduce cardiovascular death in patients with T2DM, in addition Metformin 
suggested to have a direct cardioprotective effect which independent on glucose reduction activity. This research aimed to study the protective 
effect of metformin against doxorubicin cardiotoxicity and fibrosis. Method: Thirty six albino rabbits divided to six  groups, six rabbits each. 
Control group, received 2 ml single dose of saline intraperitoneally. Metformin group, received (300 mg/kg/day, every day for 14 days) oral 
solution by gavage. Chronic doxorubicin group, received (4mg/kg, twice a week, cumulative dose: 16 mg/ kg) intraperitoneally. Acute 
doxorubicin group received (16 mg/ kg single dose ) intraperitoneally. Chronic doxorubicin+ metformin group received doxorubicin(4 mg/kg, 
twice a week intraperitoneally and metformin(300 mg/kg/day, for 14 days, starting three days prior to doxorubicin) orally. Acute doxorubicin+ 
metformin group received doxorubicin(16 mg/kg single dose) intraperitoneally and metformin (300 mg/kg/day, for 14 days, starting three days 
prior to doxorubicin) orally. Assessment of serum troponin I, SMAD3 and .RTPCR for TGF-β1 in addition to trichrome stain. 
Result: our result showed that pretreatment with metformin significantly (p<0.05) decreased the level of serum troponin I, SMAD3 and TGF-
β1 in both MET +acute DOX  and MET +chronic DOX group in compare with the acute DOX and chronic DOX group, in addition to 
significantly decreased collagen fiber production. 
Conclusion: this study demonstrated that metformin  have a protective effect against doxorubicin cardiotoxicity  in both acute and chronic 
induction, by decreasing serum troponin I, SMAD3 /TGF-β1 signalling pathway thereby significantly decreasing the collagen fiber production 
and fibrosis formation. 
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INTRODUCTION 
Anthracyclines including daunorubicin, idarubicin, 

doxorubicin (DOX), and epirubicin, are regarded as the most 
effective anticancer drugs against acute myeloblastic and 
lymphoblastic leukemia. DOX in particular have a highly broad 
spectrum of action  including both solid tumors, such as, 
sarcomas, breast cancer, and also solid tumors in children (e.g. 
Wilms tumor) and hematological malignancies, such as, Hodgkin 
disease, leukemia, and non-Hodgkin lymphomas. .             
Unfortunately, cardiotoxicity is the most toxic consequence of 
AC(1). Cardiotoxicity-induced by chemotherapy is a dangerous 
complication that limits the  use of chemotherapeutic agents, 
especially the anthracyclines (AC), since it may lead to the 
development of the life  threatening cardiomyopathy(2). The 
cardiotoxicity risk increases in patients with hypertension, liver 
disease, diabetes mellitus, and previous heart diseases (4). The risk 
also depends largely on the route of administration, duration of 
chemotherapy (cumulative dose) and the dosage regimen. For 
example, a concomitance treatment of anthracyclines with other 
cardiotoxic drugs , such as trastuzumab or paclitaxel, would 
largely increase the risk of cardiotoxicity that potentially lead to 
dangerous congestive heart failure(3). Anthracyclines-induced 
cardiotoxicity  is divided into three forms: immediate pericarditis–
myocarditis syndrome, an early-onset  progressive  and the  late-
onset chronic progressive form. The last two forms are common 
(4). DOX is a secondary metabolite of Streptomyces peucetius. It is 
greatly effective anticancer drugs that used to treat many pediatric 
and adult cancers, e.g. solid tumors, lymphomas, leukemia and 
breast cancer. DOX have severe toxicities, e.g. hematopoietic 
suppression, alopecia, extravasation ,nausea and  vomiting, yet the 
cardiotoxicity being the most important. The beginning of this 
cardiotoxicity may be delayed up to 10 –15 years after stopping of 
therapy. This cardiotoxicity characterized by a wide range of 
symptoms extending from asymptomatic changes in ECG to the 
pericarditis and then to cardiomyopathy(5). The  DOX 
cardiotoxicity differs according to gender, The female have more 
severe toxicity with more depressed contractility compared with 
male. The variance in time of onset proposes that several 
mechanisms can possibly be associated with DOX 

cardiotoxicity(6). Several mechanisms are indicated in DOX 
induced cardiotoxicity. DOX-induced cardiomyopathy is largely  
associated with increasing of  oxidative stress, as shown in 
reactive oxygen species (ROS) induced destruction, e.g. lipid 
peroxidation, in addition to decreased antioxidants levels and 
sulfhydryl groups. Another important mechanisms are apoptosis, 
extracellular matrix remodeling, deterioration of myofibrillar and 
intracellular dysregulation of calcium level  are also related in 
doxorubicin-induced cardiotoxicity. Furthermore, the 
cardiotoxicity associated with doxorubicin administration also 
happened due to changes in endothelin-1 levels, the high energy 
phosphate pool and disorders in cardiac adrenergic signaling(7). 
Metformin (Met) is a biguanide (1,1-dimethylbiguanide) 
commonly used  therapy in type 2 diabetes mellitus (T2DM) 
patients. Met has a good treatment efficacy and safety profile, low 
cost, and consider as the first-line oral treatment in T2DM in 
conjunction with lifestyle modification (8). Met has a beneficial 
effects in both glucose and lipid metabolism.  Met  acts by 
decreasing insulin resistance and reducing levels of serum 
insulin, leading to a reduction of  blood glucose level without 
producing  hypoglycemia. So Met  act as antihyperglycemic agent 
and also insulin sensitizer. The Met antihyperglycemic effect 
seems to reduce cardiovascular death in patients with T2DM (9), in 
addition Met suggested to have a direct cardioprotective effect 
which independent on glucose reduction activity(10). Metformin 
has been reported to have cardioprotective effect in addition to 
reducing basal and postprandial glucose levels, weight loss, and 
reducing lipid serum levels. Animal model studies of isolated 
myocardial infarction and HF  have shown that Met increases the 
tolerance of myocardial cells to ischemia-reperfusion injury, and 
reduce  the development of HF after infarction (11).  

Met  decreases the production of ROS in cultured 
endothelial cells (12), and in animal model studies  of heart 
failure(13), and also have myocardial protection from oxidative 
stress induced by H2O2 or TNFα (14). These effect occur  by its 
activation of 5′-adenosine monophosphate-activated protein 
kinase (AMPK). In addition AMPK have an  important role in 
maintaining cellular or whole body energy homeostasis, So the 
reduced of ATP during ischemia was significantly decreased  by 
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Met. AMPK also demonstrated to play a significant roles in the 
genotoxic stress response and in apoptosis regulation  (15).   

Asensio-Lopez et al. confirmed that Met has 
cardioprotective effect from DOX induced injury and the cardiac 
adiponectin (APN)  system shows an important role(16). Met 
increases the circulating levels of APN(17), and also the expression 
of adiponectin receptors (adipoR1 and adipoR2) (18). APN  is an 
adipokine synthesized in the adipose tissue, which exerts 
beneficial effects on the vessel and myocardium cells by binding 
to its specific receptors and the AMPK activation (19).  

The  APN and its receptors have been described to be 
expressed  in the myocardium (20), together with its capability to 
decrease oxidative stress and to support cell survival (19) and even 
to attenuate the DOX- induced apoptosis (21). The APN system is 
involved in various physiological processes such as  energy 
metabolism, vascular physiology and inflammation , by acting 
directly on the liver, vascular endothelium and  skeletal muscle(22). 
As well as, APN acts on myocardial cells preventing their death, 
reducing ischemic injury and helping revascularization. 

Cardiac troponin I (cTnI) are regulatory proteins 
released to the circulation after myocyte damage occurs (23). The 
first biomarkers is troponin that known to identify cardiac injury. 
Troponins are medium sized regulatory proteins act to regulate the 
contractile elements, myosin and actin . While it is  usually 
undetectable protein, troponins can increase after 2 - 3 hours when 
the cardiac injury occurs(24). TnI seems to have  better predictive 
value than TnT with greater sensitivity for detecting cardiac 
damage induced by AC cardiotoxicity, mainly in the leukemia 
population (25). 

The transforming growth factor β (TGF-β) is the most 
multifunctional cytokine known. TGF-β exert strong and various 
effects on several different cell functional types and are 
implicated in a wide variety of biological cell developmental 
processes for example embryonic development, proliferation, cell 
survival,  apoptosis, cell growth and differentiation, cellular 
homeostasis, fibrosis and regulation of inflammatory and immune 
response (26). 

Small mother against decapentaplegic (Smad) are 
intracellular signaling effectors which are essential for the 
mediation of the TGF-β intracellular signaling(27). Today, Smads 
appear  to be involved in a wide range of heart disease , such as 
HF in the context of cardiac fibrosis and hypertrophy, myocardial 
infarction, atherogenesis and others. The Smads are implicated in 
cell growth, morphogenesis, apoptosis, and immune response(28).  
In experimental autoimmune myocarditis the major source of 
cardiac fibrosis triggered by TGF-β may be the heart-infiltrating 
prominin-1(+) progenitors. TGF-β mediated Smad 
phosphorylation  may modulate heart-infiltrating prominin-1(+) 
then cell differentiation into fibroblasts (29). Myocardial fibrosis 
was associated with up regulations of TGF-β and also the Smad 
proteins, in addition to myocyte apoptosis (30). From this, it 
appears  that  harmful effects of TGFβ /Smad signaling can 
obviously be created by development of cardiac fibrosis. Several 
studies  demonstrated  an up-regulated expression of TGF-β, 
Smad2, Smad3, Smad4 and down-regulated expression of Smad7 
gene in DOX treatment rat , So TGF-β gene down-regulation 
leading to suppression of myocardial apoptosis and fibrosis (31).  
This study aimed to evaluate the cardioprotective effect of 
metformin against doxorubicin-induced acute and chronic 
cardiotoxicity.  
 

METHODS 
Animals  

Thirty six rabbits were used in this study purchased 
from animal house - college of veterinary medicine – Alqassim 
green university. The rabbits were kept  in large  cages with free 
access to food and water. The cages were placed in a quiet and 

temperature controlled room in which a 12:12-hour light-dark 
cycle was maintained. The weight of the rabbits varied between 
0.6 - 2 kg. The rabbits were allowed a ten days acclimatization 
period before being used in experiments. 
Study design  

The rabbits  divided randomly into six  groups, each 
consisting of six rabbits. The Control group received single dose 
of saline injection at a dose of 2 ml via intraperitoneal route. The  
Met  group received Met (300 mg/kg/day, every day for 14 days) 
with gavage. The chronic DOX group received (4mg/kg, twice a 
week, cumulative dose: 16 mg/ kg) intraperitoneally (chronic 
induction). The acute DOX group received (16 mg/ kg single dose 
) intraperitoneally (acute induction ). The Met + chronic DOX 
group received DOX (4 mg/kg, twice a week, cumulative dose: 16 
mg/kg) intraperitoneally and Met (300 mg/kg/day, for 14 days, 
starting three days prior to DOX treatment) orally with gavage. 
The Met+ acute DOX group received DOX (16 mg/kg single 
dose) intraperitoneally and Met (300 mg/kg/day, for 14 days, 
starting three days prior to DOX treatment) orally with gavage. 
Induction of cardiotoxicity 

Induction of cardiotoxicity carried out by the 
administration of DOX intraperitoneally in a dose of 16 mg /kg as 
a single dose for acute cardiotoxicity induction and in a dose  of 4 
mg/kg, twice a week for two weeks (cumulative dose: 16 mg/kg) 
for chronic induction (32).    
Sample collection and preparation  

At the end of ECG recording, the blood (5 ml ) collected 
from each  rabbit by using heart puncture , then the blood sample 
put in plain tube containing gel ,then centrifugation at 3000x for 
15 minute for serum preparation . The serum stored at -80°C for 
ELISA analysis . The rabbits were sacrificed after taking the 
blood samples by using di-ethyl ether for anesthesia, then the 
heart removed immediately and washed by distilled water . A 
small portion of the heart tissue was  kept in a sterile tube of 
normal saline and preserved at -80 º C, which will be used for 
molecular tests (DNA extraction and RT- PCR), and the other 
portion  kept in 10% buffered neutral formalin to prepare paraffin 
embedded blocks for trichrome stain assessment.  
Statistical analysis  

The statistical analysis was performed by using  SPSS 
version 16.0. All results were expressed as mean ± standard 
deviation (SD). To compare the results between the groups, we 
used multiple analyses of variance (One way ANOVA test), 
followed by a post hoc Tukey test. Statistical  significant 
differences was considered when the  p<0.05 and highly 
significant differences was considered when the  p<0.001  for 
data.  

 
RESULTS 

Effect of metformin on cardiac troponin I 
Metformin showed a protective effect against troponin I 

elevation in both acute and chronic DOX toxicity. The descriptive 
statistics for cardiac troponin I concentration which is represented 
as mean ± SD (table 3-1) was significantly elevated in both acute 
and chronic DOX group (252.12 ± 40.79 , 295.33 ± 144.12 pg/ml 
respectively) in comparison with the control and MET group 
(126.32 ± 30.91 , 136.42 ± 32.06 pg/ml respectively ; P <  0.05 ). 
The cardiac troponin I concentration was significantly decreased 
in both MET +acute DOX  and MET +chronic DOX group in 
compare with the acute DOX and chronic DOX group (130.37 ± 
22.30 , 124.48 ± 49.09 pg/ml  respectively; P <  0.05). as shown in 
figure (A and B).  

 
Effect of metformin on Smad 3  

Metformin showed a protective effect against Smad 3 
elevation in both acute and chronic DOX toxicity. The descriptive 
statistics for Smad 3  concentration which is represented as mean 
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± SD (table 3-2) was significantly elevated in both acute and 
chronic DOX group (2.61 ± 0.15 , 3.43 ± 2.42 ng/ml respectively) 
in comparison with the control and MET group (1.08 ± 0.16, 0.75 
± 0.36 ng/ml respectively; P <  0.05). The serum SMAD 3  
concentration was significantly decreased in both MET +acute 
DOX  and MET +chronic DOX group in compare with the acute 
DOX and chronic DOX group (1.09 ± 0.07, 0.74 ± 0.27 ng/ml  
respectively; P <  0.05). as shown in figure (2 A and B). 

 
Effect of metformin on transforming growth factor β1 

Metformin showed a protective effect against TGFβ1  
elevation in both acute and chronic DOX toxicity. The descriptive 
statistics for DNA load of TGFβ1 concentration which is 
represented as mean ± SD (table 3-4) was significantly elevated in 
both acute and chronic DOX group (1861.66 ±408.72, 7237 ± 
661.12 copies/gm  respectively) in comparison with the control 
and MET group (186.66 ±51.25, 1008.33 ±149.72 copies/gm 
respectively ; P <  0.001 ). The DNA load of TGFβ1 
concentration was significantly decreased in both MET +acute 
DOX  and MET +chronic DOX  group in compare with the acute 
DOX and chronic DOX group (230±91.86, 683.33±116.90 
copies/gm  respectively ; P <  0.001). as shown in figure ( 3 A and 
B).  

Effect of metformin on histological change by Trichrome stain 
Metformin decreased the collagenous fibers production in DOX  
cardiotoxicity especially in chronic DOX toxicity. The result for 
all groups illustrated below:   
A -control group: the cardiac  tissue in control group was normal 
without any increase in collagen fibers as shown in figure (4 A).   
B -MET group: the cardiac  tissue in MET group was normal 
without any increase in collagen fibers as shown in figure (4 B).  
C-Acute DOX group: the cardiac  tissue in acute DOX  group 
showed very  mild increased in collagen fibers as shown in figure 
(4 C). 
D-Chronic  DOX group: the cardiac  tissue in chronic  DOX  
group showed large  increased in collagen fibers as shown in 
figure (4D). 
E-MET +acute DOX  group: the cardiac  tissue in MET +acute 
DOX   group was normal without any increase in collagen fibers 
as shown in figure (4 E). 
F-MET +chronic  DOX  group: the cardiac  tissue in MET 
+chronic  DOX  group showed mild  increased in collagen fibers 
as shown in figure (4 F). 

 
 

 
Figure. 1.A Effect of metformin(300 mg/kg) on serum troponin I level in acute DOX cardiotoxicity(16 mg/kg single dose). Each value expressed as mean 

±SD. The statistical analysis done by using one way ANOVA followed by Tukey test.  * significant difference (p < 0.05) 

 
Figure. 1.B Effect of MET (300 mg/kg) on serum troponin I level in chronic DOX cardiotoxicity(4mg/kg twice weekly for two week). Each value 

expressed as mean ±SD. The statistical analysis done by using one way ANOVA followed by Tukey test. * Significant difference (p < 0.05) 
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Figure 2.A. Effect of metformin (300 mg/kg) on serum Smad3 level in acute doxorubicin  cardiotoxicity (16 mg/kg single dose). Each value expressed as 

mean ±SD. The statistical analysis done by using one way ANOVA followed by LSD test.  *significant difference (p < 0.05). 

 
Figure 2.B. Effect of metformin (300 mg/kg) on serum SMAD3 level in chronic DOX cardiotoxicity (4 mg/kg twice weekly for two weeks). Each value 

expressed as mean ±SD. The statistical analysis done by using one way ANOVA followed by LSD. ** highly significant difference (p < 0.001). 

 
Figure 3.A. Effect of metformin (300mg/kg) on DNA load of TGFβ1 level in acute DOX   cardiotoxicity(16mg/kg single dose). Each value expressed as 

mean ±SD. The statistical analysis done by using one way ANOVA followed by Tukey test. ** highly significant difference (p < 0.001) 
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Figure 3. B. Effect of metformin(300mg/kg) on DNA load of TGFβ1 level in chronic DOX cardiotoxicity(4mg/kg twice weekly for two weeks). Each 

value expressed as mean ±SD. The statistical analysis done by using one way ANOVA followed by Tukey test. 
** highly significant difference (p < 0.001). 

 

 
Figure 4.A. Normal saline  treated rabbit (control group)showing normal 

collagenous fibers of the heart, mainly surrounding the small blood vessels 
(arrows). Trichrome stain, X400. 

 
Figure 4.B. Metformin  treated rabbit showing normal collagenous fibers 

of the heart, mainly surrounding the small blood vessels (arrows). 
Trichrome stain, X400. 

 
Figure 4.C.  acutely DOX  treated rabbit, showing very mild increased in 

collagenous  fibers (blue colored collagen fibrous tissue) surrounding 
myocardial cells. Trichrome stain, X400. 

 
Figure 3.9.D  Chronic DOX treated rabbit showing large increase of 
collagenous fibers (blue colored, collagen fibrous tissue) . Trichrome 

stain, x 400. 

 
Figure 4.E. MET +acute DOX  treated rabbit showing normal collagen 
fibers of the heart, mainly surrounding the small blood vessels (arrows). 

Trichrome stain,X400. 

 
Figure 4.F. MET +chronic DOX treated rabbit showing mild increase of 
collagen fibers of the heart tissue(blue colored collagen fibrous tissue). 

Trichrome stain, x 400. 
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DISCUSSION 
Doxorubicin is one of the most anticancer therapy that are used  
clinically, however, the cardiotoxicity side effects significantly 
limits its use. Cardiotoxicity increases the risk of mortality  and  
morbidity for patients under chemotherapy. Thus, treatment 
approaches are being advanced to avoid DOX cardiotoxicity. 
Many studies showed that several pharmacological agents have 
protecting effects against DOX cardiotoxicity (33).  
Met is an oral antihyperglycemic therapy for T2DM. Met also 
used for weight loss, reducing plasma levels of lipid, and also 
prevents some vascular complications. Several studies illustrated 
that Met has cardioprotective effects on myocardial ischemia in 
experimental animal models (34). 
Cardiac troponins are proteins released to the circulation when 
cardiac myocyte damage(23). Troponins are the first serum  
biomarkers for the  detection of cardiac damage. Troponins 
regulating the contractile elements of cardiac muscle actin and 
myosin. When cardiac damage occurs troponins may increase 
within 2-3 hours(24). TnI levels increased  in the blood stream have 
become a well-established biomarker with great specificity and 
sensitivity for myocardial infarction or necrosis in man and 
animals. Release of TnI from myocardium is proportional to the 
size and extent of myocardial injury in numerous animal models 
of cardiotoxicity(35).  
DOX cause a significant elevation in plasma Tn I level. This 
elevation caused by oxidative stress that induced cardiac 

damage(36). This study revealed that Met led to significant 
decrease (P<0.05) in plasma Tn I level in both Met + acute DOX 
and Met + chronic DOX groups.  
Basnet  et al, showed  significantly reduce of cardiac TnI level by 
Met by activation of AMPK and endothelial NO (37). Several 
studies support that Met has significant cardioprotective effects on 
cardiac injury in animal model studies through increasing the 
tolerance to ischemic damage that occurs by decreasing of AMP.  
In addition, Met decreased DOX induced-cardiotoxicity through 
activation of AMPK(38). AMPK regulate the cardiac metabolic 
pathway by catabolic and anabolic processes regulation, it reserve 
energy homeostasis of the heart. AMPK plays an important role in 
the protection of mitochondria by regulation of gene transcription 
and up-regulation of antioxidant endogenous system(39).  
 The transforming growth factor-β is a multifunctional cytokines 
that regulates various processes such as cell growth, tissue 
differentiation, apoptosis, proliferation, and migration (26). Smads 
are intracellular signaling effectors which are necessary for the 
mediation of the TGF-β intracellular signaling(27). Myocardial 
fibrosis related to increase in TGF-β/Smad signaling, as well as 
myocyte apoptosis (30). So the development of cardiac fibrosis 
may be attributed to harmful effects of TGFβ/Smads signaling. 
The overexpression of inhibitory Smad7 reduced collagen 
synthesis, thus approving that collagen synthesis is occurred by 
TGFβ /Smads signaling (40). 
 Al-Shabanah et al, showed that DOX induces cardiotoxicity by 
increasing the expression of a specific genes in TGF-β/Smad 
pathway(41).  Janeesh et al, illustrated that DOX increased 
the expression of  TGF-β1, Smad2, Smad3, Smad4 and down-
regulated expression of Smad7 gene, So this showed DOX 
cardiotoxicity may be  related to TGF-β/Smad signaling 
pathway(42). 
Xiao et al, showed that Met  inhibited cardiac fibrosis and 
inhibited collagen synthesis in cardiac fibroblasts by the inhibition 
of the TGF-β1/Smad3 signaling pathway(43). 
Li et al, illustrated that Met inhibit TGF-β-induced fibrosis by  
decreasing TGF-β-induced expression of Collagen 1A1and also 
by decreasing the expression of Smad2 and Smad3  proteins(44). 
This study showed that MET produced a significant decrease 
(P<0.05) in TGFβ1 and Smad3 level in both Met + acute DOX 
and Met + chronic DOX groups when compared with acute and 

chronic DOX groups. As a result, these data suggest that MET 
decreased TGF-β-induced cardiac  fibrosis that appear clearly by 
trichrome stain result (a specific stain for collagen fiber).The 
TGFβ1, Smad3 and related fibrosis suppressive effect of MET 
may be related to the activation of AMPK. Also MET prevented 
TGF-β1 induced collagen synthesis independent of AMPK 
activation by directly binding to TGF-β1 ligand, thus blocking the 
binding of TGF- β1 to TβRII which lead to decrease downstream 
signaling (45).   
 

CONCLUSIONS 
From the results above, one can be concluded that metformin  
have a good cardioprotective agent against doxorubicin 
cardiotoxicity  in both acute and chronic induction. Met showed a 
valuable cardioprotective effect through the suppression of serum 
Tn I, Smad 3 level, supressed the expression of TGF β, decreases 
fibrosis by activation of AMPK and increased APN level and its 
receptor (adipoR1 and adipoR2). 
 
Acknowledgments: The authors would like to thank Al-
Mustansiriyah University (www.uomustansiryiah.edu.iq)  for their 
support in the present work.   
 

REFERENCES 
1.  Minotti G, Menna P, Salvatorelli E, Cairo G, Gianni L. Anthracyclines: 

molecular advances and pharmacologic developments in antitumor activity and 
cardiotoxicity. Pharmacological reviews. 2004 Jun 1;56(2):185-229.  

2.  Angsutararux P, Luanpitpong S, Issaragrisil S. Chemotherapy-induced 
cardiotoxicity: overview of the roles of oxidative stress. Oxidative medicine 
and cellular longevity. 2015 Sep 29;2015. 

3.  Pai VB, Nahata MC. Cardiotoxicity of chemotherapeutic agents. Drug safety. 
2000 Apr 1;22(4):263-302. 

 4.  Yeh ET, Bickford CL. Cardiovascular complications of cancer therapy: 
incidence, pathogenesis, diagnosis and management. J Am Coll Cardiol 2009; 
53: 2231–2247. 

5.  Allen A. The cardiotoxicity of chemotherapeutic drugs. Semin Oncol 1992;19: 
529–42. 

6.  Lanzarini L, Bossi G, Laudisa ML, Klersy C, Arico M. Lack of clinically 
significant cardiac dysfunction during intermediate dobutamine doses in long-
term childhood cancer survivors exposed to anthracyclines. Am Heart J 
2000;140:315–23. 

7.  Octavia Y, Tocchetti CG, Gabrielson KL, Janssens S, Crijns HJ, Moens AL. 
Doxorubicin-induced cardiomyopathy: from molecular mechanisms to 
therapeutic strategies. Journal of molecular and cellular cardiology. 2012 Jun 
30;52(6):1213-25. 

8.  Nathan DM, Buse JB, Davidson MB, Ferrannini E, Holman RR, Sherwin R, 
Zinman B. Medical management of hyperglycemia in type 2 diabetes: a 
consensus algorithm for the initiation and adjustment of therapy. Diabetes 
care. 2009 Jan 1;32(1):193-203. 

9.  El Messaoudi S, Rongen GA and Riksen NP. Metformin therapy in diabetes: 
the role of cardioprotection. Curr Atherosclerosis Rep 2013; 15(4): 314–322. 

10.  El Messaoudi S, Rongen GA, de Boer RA, et al. The cardioprotective effects 
of metformin. Curr Opin Lipidol 2011; 22: 445–453. 

11.  Gong L, Goswami S, Giacomini KM, Altman RB, Klein TE. Metformin 
pathways: pharmocokinetics and pharmacodynamics. Pharmacogenet 
Genomics 2012; 22: 820-7. 

12.  Mahrouf, M.; Ouslimani, N.; Peynet, J.; Djelidi, R.; Couturier, M.; Therond, 
P.; Legrand, A.; Beaudeux, J. L. Metformin reduces angiotensin-mediated 
intracellular production of reactive oxygen species in endothelial cells through 
the inhibition of protein kinase C. Biochem. Pharmacol. 72:176–183; 2006. 

13.   Gundewar, S.; Calvert, J. W.; Jha, S.; Toedt-Pingel, I.; Ji, S. Y.; Nunez, D.; 
Ramachandran, A.; Anaya-Cisneros, M.; Tian, R.; Lefer, D. J. Activation of 
AMP-activated protein kinase by metformin improves left ventricular function 
and survival in heart failure. Circ. Res. 104:403–411; 2009. 

14.  Sasaki, H.; Asanuma, H.; Fujita, M.; Takahama, H.;Wakeno, M.; Ito, S.; Ogai, 
A.; Asakura, M.; Kim, J.;Minamino, T.; Takashima, S.; Sanada, S.; 
Sugimachi,M.; Komamura, K.; Mochizuki, N.; Kitakaze, M. Metformin 
prevents progression of heart failure in dogs: role of AMP-activated protein 
kinase. Circulation 119:2568–2577; 2009. 

15.  Russell III RR, Li J, Coven DL, Pypaert M, Zechner C, Palmeri M, Giordano 
FJ, Mu J, Birnbaum MJ, Young LH. AMP-activated protein kinase mediates 
ischemic glucose uptake and prevents post ischemic cardiac dysfunction, 
apoptosis, and injury. Journal of Clinical Investigation. 2004 Aug 
16;114(4):495. 

16.  Asensio-Lopez MC, Lax A, Pascual-Figal DA, Valdes M, Snchez-Mas J. 
Metformin protects against doxorubicin-induced cardiotoxicity: involvement 
of the adiponectin cardiac system. Free Radic Biol Med 2011; 51: 1861-71. 

17.  Adamia, N.; Virsaladze, D.; Charkviani, N.; Skhirtladze, M.; Khutsishvili, M. 
Effect of metformin therapy on plasma adiponectin and leptin levels in obese 

Mohammed Hussein shaty et al /J. Pharm. Sci. & Res. Vol. 10(6), 2018, 1559-1565

1564

http://www.uomustansiryiah.edu.iq/


and insulin resistant postmenopausal females with type 2 diabetes. Georgian 
Med. News 145:52–55; 2007. 

18. Metais, C.; Forcheron, F.; Abdallah, P.; Basset, A.; Del, C. P.; Bricca, G.;
Beylot, M. Adiponectin receptors: expression in Zucker diabetic rats and
effects of fenofibrate and metformin. Metabolism 57:946–953; 2008. 

19. Goldstein, B. J.; Scalia, R. G.; Ma, X. L. Protective vascular and myocardial
effects of adiponectin. Nat. Clin. Pract. Cardiovasc. Med. 6:27–35; 2009. 

20. Skurk, C.; Wittchen, F.; Suckau, L.; Witt, H.; Noutsias, M.; Fechner, H.;
Schultheiss, H. P.; Poller, W. Description of a local cardiac adiponectin system 
and its deregulation in dilated cardiomyopathy. Eur. Heart J. 29:1168–1180; 
2008. 

21. Konishi, M.; Haraguchi, G.; Ohigashi, H.; Ishihara, T.; Saito, K.; Nakano, Y.;
Isobe, M. Adiponectin protects against doxorubicin-induced cardiomyopathy
by antiapoptotic effects through AMPK up-regulation. Cardiovasc. Res.
89:309–319; 2011. 

22. Kadowaki T., Yamauchi T.  Adiponectin and adiponectin receptors, Endocrin
Rev. 26 (2005) 439e451. 

23. Daubert MA, Jeremias A. The utility of troponin measurement to detect
myocardial infarction: review of the current findings. Vasc Health Risk
Manag. 2010;6:691-699. 

24. Cardinale D, Sandri MT, Colombo A, et al. Prognostic value of troponin I in
cardiac risk stratification of cancer patients undergoing high-dose 
chemotherapy. Circulation. 2004;109:2749-2754. 

25. Horacek JM, Pudil R, Tichy M, Jebavy L, Strasova A, Ulrychova M, et al.
Cardiac tro-ponin I seems to be superior to cardiac troponin T in the early
detection of cardiac injury associated with anthracycline treatment. Onkologie. 
2008; 31(10):559–560. 

26. Chen YG, Meng AM. Negative regulation of TGF-b signaling in development. 
Cell Res 2004;14:441–449. 

27. Miyazawa K, Shinozaki M, Hara T, Furuya T, Miyazono K. Two major Smad
pathways in TGF-b superfamily signaling. Genes Cells 2002;7:1191–1204. 

28. Gordon KJ, Blobe GC. Role of transforming growth factor-b superfamily
signaling pathways in human disease. Biochim Biophys Acta 2008;1782:197–
228. 

29. Kania G, Blyszczuk P, Stein S, Valaperti A, Germano D, Dirnhofer S,
Hunziker L, Matter CM, Eriksson U. Heart-infiltrating prominin-1+/ CD133+
progenitor cells represent the cellular source of transforming growth factor β-
mediated cardiac fibrosis in experimental autoimmune myocarditis. Circ Res
2009;105:462–470. 

30. Zhu XY, Daghini E, Rodriguez-Porcel M, Chade AR, Napoli C, Lerman A,
Lerman LO. Redox-sensitive myocardial remodeling and dysfunction in swine 
diet-induced experimental hypercholesterolemia. Atherosclerosis
2007;193:62–69. 

31. Kuwahara F, Kai H, Tokuda K. Transforming growth factor-b function
blocking prevents myocardial fibrosis and diastolic dysfunction in pressure-
overloaded rats. Circulation 2002;106:130–5. 

32. Argun M, Üzüm K, Sönmez MF, Özyurt A, Karabulut D, Soyersarıca Z, 
Çilenk KT, Unalmış S, Pamukcu Ö, Baykan A, Narin F. Cardioprotective 

effect of metformin against doxorubicin cardiotoxicity in rats. Anatol J 
Cardiol. 2016 Apr 1;16:234-41. 

33. Hareke D, Franco VI, Henkel JM, Miller TL, Lipshultz SE. Cardiotoxicity in
childhood cancer survivors: strategies for prevention and management. Future 
Cardiol 2012; 8: 647-70. 

34. Paiva M, Riksen NP, Davidson SM, Hausenloy DJ, Goncalez L, Providencia
L, et al. Metformin prevents myocardial reperfusion injury by activating the
adenosine receptor. J Cardiovasc Pharmacol 2009; 53: 373-8. 

35. O'brien PJ, Smith DE, Knechtel TJ, Marchak MA, Pruimboom-Brees I, Brees
DJ, Spratt DP, Archer FJ, Butler P, Potter AN, Provost JP. Cardiac troponin I
is a sensitive, specific biomarker of cardiac injury in laboratory animals.
Laboratory animals. 2006 Apr 1;40(2):153-71. 

36. Mitry MA, Edwards JG. Doxorubicin induced heart failure: Phenotype and
molecular mechanisms. IJC Heart & Vasculature. 2016 Mar 31;10:17-24. 

37. Basnet S, Kozikowski A, Makaryus AN, Pekmezaris R, Zeltser R, Akerman
M, Lesser M, Wolf‐Klein G. Metformin and Myocardial Injury in Patients
With Diabetes and ST‐Segment Elevation Myocardial Infarction: A Propensity 
Score Matched Analysis. Journal of the American Heart Association. 2015 Oct 
27;4(10):e002314. 

38. Apaijai N, Chinda K, Palee S, Chattipakorn S, Chattipakorn N. Combined
vildagliptin and metformin exert better cardioprotection than monotherapy
against ischemia-reperfusion injury in obese-insulin resistant rats. PloS one.
2014 Jul 18;9(7):e102374. 

39. Ronnebaum SM, Patterson C, Schisler JC. Minireview: hey U (PS): metabolic
and proteolytic homeostasis linked via AMPK and the ubiquitin proteasome
system. Molecular Endocrinology. 2014 Aug 6;28(10):1602-15. 

40. Wang B, Hao J, Jones SC, Yee MS, Roth JC, Dixon IM. Decreased Smad 7
expression contributes to cardiac fibrosis in the infarcted rat heart. Am J
Physiol Heart Circ Physiol 2002;282:H1685– 96 

41. Al-Shabanah OA, Aleisa AM, Hafez MM, Al-Rejaie SS, Al-Yahya AA,
Bakheet SA, Al-Harbi MM, Sayed-Ahmed MM. Desferrioxamine Attenuates 
Doxorubicin-Induced Acute Cardiotoxicity through TFG-𝜷𝜷/Smad p53
Pathway in Rat Model. Oxidative medicine and cellular longevity. 2012 Apr
30;2012. 

42. Janeesh PA, Abraham A. Robinin modulates doxorubicin-induced cardiac
apoptosis by TGF-β1 signaling pathway in Sprague Dawley rats. Biomedicine
& Pharmacotherapy. 2014 Oct 1;68(8):989-98. 

43. Xiao H, Ma X, Feng W, Fu Y, Lu Z, Xu M, Shen Q, Zhu Y, Zhang Y.
Metformin attenuates cardiac fibrosis by inhibiting the TGFβ1–Smad3 
signalling pathway. Cardiovascular research. 2010 Mar 3;87(3):504-13. 

44. Li L, Huang W, Li K, Zhang K, Lin C, Han R, Lu C, Wang Y, Chen H, Sun F, 
He Y. Metformin attenuates gefitinib-induced exacerbation of pulmonary
fibrosis by inhibition of TGF-β signaling pathway. Oncotarget. 2015 Dec
22;6(41):43605. 

45.  Xiao H, Zhang J, Xu Z, Feng Y, Zhang M, Liu J, Chen R, Shen J, Wu J, Lu Z, 
Fang X. Metformin is a novel suppressor for transforming growth factor
(TGF)-β1. Scientific reports. 2016 Jun 28;6:28597. 

Mohammed Hussein shaty et al /J. Pharm. Sci. & Res. Vol. 10(6), 2018, 1559-1565

1565




